. Though the determination of the function of each cell type is not easy, it seems necessary to collect the results of many experimental studies such as those enumerated in the following chapter, before the final determination is established.
Methods for Determining the Function of Each Cell Type
Combinations of several methods in the following experiments are useful for the determination of the function of each cell type of the anterior pituitary.
As the rat and mouse are most convenient for experimental manipulation, the pituitaries of these animals are frequently used and their function is best known. The rabbit, bat and some other mammals were also used for these studies.
Correlated light and electron microscopy
The functions of certain cell types were already known by light microscopy before the advent of the electron microscope.
As to these cell types, the correlation between the light and electron microscopic findings is the easiest way to identify the function of a given cell type by electron microscopy.
The so-called alpha cell (acidophil) which secretes the growth hormone and the beta cell (basophil) producing the thyrotrophic hormone (TSH) were first identified in electron micrographs by this way, because the morphological characteristics of these cells are quite remarkable and most of these characteristics can be recognized under both light and electron microscopes.
Ablation of target organs
The removal of certain endocrine glands, which are controlled by hormones of the anterior pituitary in the normal state, brings about a remarkable change in certain cells of the anterior pituitary. For example, castration causes in one type of the anterior pituitary cells enormous hypertrophy and a characteristic appearance like a signet ring. Such hypertrophic changes of certain cell types after the removal of peripheral endocrine organs imply a close mutual relationship between a hormone of the anterior pituitary and that of the peripheral endocrine organ which is the target of the former. The recent advance in endocrine physiology teaches us that most hormones of the peripheral target organs inhibit the secretion of the anterior pituitary hormones, which primarily promote the production of the hormones of the peripheral endocrine gland. This phenomenon is called the negative feed-back effect of the peripheral hormones, and this mechanism is essentially important for keeping the level of concentration of hormones constant in the circulating blood, i.e., for the homeostasis of hormones. and thyrotrophs was also carried out using this method of identification (FARQUHAR and RINEHART 1954 a, b) . The producer cell of ACTH was also identified by means of electron microscopy of the altered structure in the anterior pituitary of the adrenalectomlzed rat (SIPERSTEIN and ALLISON 1965, KUROSUMI and Some reports on the fine structure of the human pituitary tumors were published (GUSEK 1962 , SCHELIN 1962 , FUKUMITSU 1964 , KUROMATSU 1968 , but the cell identification is quite difficult in such human specimens, unless clinical data on various endocrine activities in the patient body are thoroughly available. The estrogeninduced pituitary tumor of the rat consists chiefly of cells with characteristic structure of the mammotrophs (HYMER et al. 1961 , SHIMAZAKI et al. 1962 The electron microscopy of such a prolactin-producing autograft indicated the ultrastructural characteristics of the mammotrophic cells (LTH-cells) (RENNELS 1962) .
The tissue or organ culture of the adenohypophysis in a medium containing RF or IF (hypothalamic extract having these effects) was tried. Electron microscopy of such a cultured tissue may elucidate the cell types grown in the culture, but no report has been published, because none of RF or IF was purified in sufficient amount to be used for such a study.
7.
Immunohistological studies Fluorescent antibody method was applied to the anterior pituitary gland in search of ACTH-cell by light microscopy (MARSHALL 1951 , LEZNOFF et al. 1962 , but more detailed studies with the electron microscope using such immunohistological methods are required. Instead of a fluorescent substance, ferritin or peroxidase is conjugated to the antibody against a certain pituitary hormone for the use in electron microscopy. A precipitated ferritin-conjugated antibody upon the structure containing the antigen (hormone) is easily recognizable by the high density of ferritin, and likewise a peroxidase-conjugated antibody is also demonstrated under the electron microscope after incubation in the peroxidase-detecting media. These new immunohistological methods are expected to solve some unsettled debates on the cell identification of the pituitary as observed by electron microscopy. The results of these studies will be published by many laboratories soon.
Correlated electron microscopy and bioassay of granule fraction
The secretory granules which are thought to contain the hormones are almost uniform in size in each cell type and are distinguishable from the granules of other cell types. Based on this fact, differential centrifugation of secretory granules of certain animal pituitaries by the sucrose density gradient method was performed. Each granule fraction obtained by this method consists of the secretory granules of one cell type of almost uniform size. Such isolated granule fractions were assayed by the hormonal activity on one hand, and on the other hand they were fixed, dehydrated, embedded and sectioned for electron microscopy. The characteristic size and shape of granules of a given fraction were compared with the morphology of the secretory granules in the tissue section. These correlated electron microscopic and physiological (biochemical) studies showed a good accordance with the results of the experimental morphological studies by the methods enumerated above (HYMER and MCSHAN 1963) .
Morphological

Characteristics of Each Cell Type of the Rat Anterior Pituitary
Since the rat anterior pituitary has been most frequently observed and best known as to ultrastructure, the following descriptions are concentrated on the The rough-surfaced endoplasmic reticulum usually consists of randomly oriented, flat or slighly dilated cisternae (Fig. 3) , but sometimes it appears as well-developed parallel lamellae (Fig. 4) . The Golgi apparatus is well formed in the latter case, and consists of many vesicles and vacuoles, but the lamellae are few. The elaboration of the secretory granules is seen in some of the cisternae of the Golgi apparatus.
The budding of small vesicles from the cisternae of the rough endoplasmic reticulum towards the Golgi apparatus is frequently observed. The mitochondria are rather stout and shaped globular or like short rods. The mitochondrial cristae are moderate in number, and the intramitochondrial granules are either very few or absent at all.
This cell sometimes contains rather many lysosomes (Fig. 4) (Fig. 5 ).
On the other hand, the administration of estrogen causes an opposite effect in the mammatroph, namely the rough endoplasmic reticulum is enormously hypertrophied and forms whorled or parallel-arranged stacks of rough-surfaced membranes and fills almost all the spaces in the cytoplasm, but the secretory granules are mostly discharged away and only a few of them remain within the cytoplasm (Fig. 6 ). ones are intermingled.
The cell organelles such as the rough endoplasmic reticulum, Golgi apparatus and mitochondria are poorly developed in the normal state, and the cytoplasm itself is also small in amount (Fig. 7) .
The identification of the cells with ultrastructural characteristics mentioned above with the thyrotrophin (TSH)-secreting cells was performed through the experiments of thyroid ablation. The results of surgical ablation (FARQUHAR and RINEHART 1954b , SAKI 1962 , CARDELL 1964 , KUROSUMI and OOTA 1966 As recent studies on the pituitaries of persistent estrous and diestrous rats (KUROSUMI and OOTA 1968) showed a good accordance with the concept of BARNES (1962, 1963) , the author wants to adopt the cell identification of gonaodtrophs proposed by BARNES.
The cell identified as the FSH-producer by the criteria according to BARNES (1962) is the so-called gonadotroph or delta cell of the light microscopic designation, and is a large round cell occurring along the blood capillary ( Fig. 1, 2) . The FSHcell contains many secretory granules widely variable both in size and electron density. The granules are often classified into two classes, one is larger in size and tends to be lower in density and the other smaller and denser (Fig. 9) The cisternae of the rough endoplasmic reticulum are moderately dilated, and their content appears transparent after osmium fixation but it is dark after fixation with mixed glutaraldehyde and osmium tetroxide ( Fig. 1, 2, 9 , 10). The mitochondria are slender having the cross diameter of about a half of that of the mitochondria in the somatotroph. They are provided with many cristae arranged in a transverse direction and a considerable number of intramitochondrial granules (Fig. 9 ). an odd shape like a signet ring (Fig. 11 ) (FARQUHAR and RINEHART 1954 a, ICHIKAWA 1959 , YOSHIMURA and HARUMIYA 1965 , GIROD and DUBOIS 1965 Fig. 11 . A signet-ring cell (FSH-gonadotroph) of the female rat 12 weeks after ovariectomy. The nucleus (N) is pressed away by a large cavity which is made by fusion of expanded cisternae.
transmembranous permeation (type V extrusion) might be suggested. Female rats which received daily injections of estrogen for 30 days beginning immediately after birth become persistent diestrus after they have grown up. Survey light microscopy indicates that the ovaries of such persistent diestrous rats are very small and contain neither Graafian follicles nor corpora lutea. The FSH-gonadotrophs are very few and atrophic in the anterior pituitary of such animals. LHcells of this animal are almost normal in structure (KUROSUMI and OOTA 1968) . Good agreement of the electron microscopic findings in the anterior pituitary with those of light microscopy of the ovaries clearly indicates that the decrease in FSH secretion is the only change of the pituitary in these persistent diestrous rats and that the identification of gonadotrophs by BARNES (1962) holds correct.
LH-gonadotroph
or LH-cell The LH-cell identified first in the mouse by BARNES (1962) is also found in the rat pituitary, having the same morphological characteristics in both species. The LH-cell is medium-sized and often situated along the blood capillary. The cell body is usually round or polygonal, but sometimes appears to be irregular. Secretory but some less dense granules may be mingled. The interior of the granules is always homogeneous, and no granular texture as seen in FSH-cell granules can be observed (Fig. 12) . The accumulation of granules at one pole of the cell facing the blood capillary was reported (KUROSUMI and OOTA 1968) . Most of the mitochondria are rodlike, but a few are sherical. They are in the same range in size as the mitochondria of STH-cells. The development of the rough-surfaced endoplasmic reticulum and the Golgi apparatus is moderate or rather weak. The rough cisternae are randomly scattered among the secretory granules.
The secretory granules and other structural components of LH-cells resemble those of STH-cells, but the granule size of the LH-cell is always smaller than that of the STH-cell. Moreover, the STH-cells undergo marked degranulation after thyroidectomy, whereas the LH-cells are indifferent to this experimental condition. After an injection of progesteron, the secretory granules are strongly accumulated in the cytoplasm (Fig. 12) . The same tendency was observed in the late stage of pregnancy. On the other hand, injection of estrogen causes a depletion of granules (Fig. 13) . In this state, the cell organelles are relatively well preserved, but the secretory granules are decreased in number and margination of granules (preferential localization of granules along the cell surface) is remarkable. These morphological features well coincide with the physiological fact that estrogen may promote the release of LH from the pituitary .
Changes in LH-cells after castration are less remarkable than those in FSH-cells, but castrate LH-cells are hypertrophic in every respect; namely the cell body is enlarged, somewhat irregular in shape, and contains relatively well developed endoplasmic reticulum, though the cisternae are not dilated. The secretory granules are relatively small in number, and not marginated but distributed rather evenly through the cytoplasm. It is remarkable that, in this state, many features of granule discharge by the mechanism of reverse pinocytosis can be observed. This finding may be reflected to the high activity of this cell after the removal of the target organ.
As mentioned above, LH-cells were almost normal in the pituitary of the persistent diestrous rat, when FSH-cells were strongly atrophic; but in the persistent estrus of the rat which was produced by administration of a relatively small amount of estrogen for 5 days after birth, LH-cells
showed an extraordinary accumulation of secretory granules suggesting a high degree of inhibition in the discharge of granules, while FSH-cells remained almost unchanged (KUROSUMI and OOTA 1968 12. An LH-gonadotroph (LH) of the rat 5 days after progesterone injection. The secretory may be derived from different cell types is very likely as described in this chapter, but another possibility that, e.g, the FSH-cell may produce a small amount of LH along with the main product of this cell, i.e., FSH, and a similar condition in the LH-cells cannot be completely excluded.
Corticotroph or ACTH-cell
For many years, a great number of attempts were made to relate ACTH secretion to some one of the cell types demonstrated by stainings for light microscopy. Among many researchers, some claimed that ACTH might be secreted by acidophil cells (FINERTY and BRISENO-CASTREJON 1949) , whereas others reported that the origin of ACTH seemed to be basophils (SMELSER 1944 (Fig. 14) . As this cell type undergoes marked changes after adrenalectomy, it was suggested for this cell to be the producer of ACTH and called corticotroph. The most striking characteristic of this cell type is a wide variety in form and electron density of its secretory granules: namely, some of them are solid dense granules like those of the thyrotroph, but some others are quite less dense and look like empty vesicles or those with a central core (Fig. 15) .
Such characteristic morphology of secretory granules depends upon the cell function and preparation technique.
If the ACTH-cell is stimulated by a strong stress, solid dark granules increase, while vesicular granules predominate in the cell several days after adrenalectomy (Fig. 16 ) (KUROSUMI and KOBAYASHI 19661) . On the other hand, the secretory granules of ACTH-cells fixed with osmium alone are mostly vesicular with or without cores, whereas fixation with glutaraldehyde and osmium makes many granules solid (Fig. 17) . The most characteristic change of this cell after adrenalectomy is the accumulation of a colloid-like substance in the cisternae of the rough endoplasmic reticulum (Fig. 16) KUROSUMI and KOBAYASHI (1966) . In a subsequent similar study, PERDUE and MCSHAN (1966) found that ACTH was associated with a pellet of graand gonadotrophins, respectively. Though the precise diameter of ACTH granules was not shown in this study, this result clearly coincides with the morphological diameter (KUROSUMI and KOBAYASHI 1966) .
On the other hand, YAMADA and YAMASHITA (1967) studied the mouse pituitary and discovered a new cell type which had not been described previouly in this animal by BARNES (1962 BARNES ( , 1963 or any other researcher. Vesiculated secretory granules are one of the most remarkable characteristics of this cell type and are consistent with the same characteristics of the rat corticotrophs. They observed the salient response of this cell to the adrenalectomy and hydrocortisone administration; the change in the former experiment was reverse to the latter and this cell was identified as the ACTH producer. In the same animal, WU (1967) also demonstrated a specific response of ACTH-cells to a severe cold stress. 7. Follicular cell or non-granulated cell Only one type of the anterior pituitary cells contains no secretory granules and this type is thought not to produce hormones but to be an undifferentiated or immature type of glandular cells.
They are arranged to encircle a relatively narrow intercellular space which is either empty or filled with colloid-like substance. Microvilli are extended into this space from the surface of surrounding cells, and terminal bars (junctional complexes) adjoin these non-granulated cells with each other (Fig. 18) . As such an arrangement of cells is reminiscent of follicles found in certain endocrine glands such as the thyroid, these cells are called follicular cells. However, the contour of such a follicle is not smooth and is not covered with the basement membrane. The periphery of such a follicle is thus complexly intermingled with other types of cells, and such a cell mass may be more reasonably called a pseudofollicle.
The follicular cells are rather small in size and contain a small amount of cytoplasm with few cisternae of the rough endoplasmic reticulum but an abundance of free ribosomes. The Golgi apparatus is localized in the region between the nucleus and the cell surface facing the follicular lumen. Cilia can be observed occasionally on the luminal surface.
BARNES (1961) first described the fine structure of cilia which occurred in the anterior pituitary. She noted that the pituitary cilia possess a 9+0 fibril pattern, In the dog pituitary gland, KAGAYAMA (1965) showed the follicular cells extend- ing long cytoplasmic processes among parenchymal cells and sometimes containing assumed to be the producer of ACTH by FARQUHAR (1957), and RENNELS (1964) indicated that these cells were the only cells which showed recognizable changes after scalding. The size of granules occasionally found in the follicular cells is in the same range as those of the corticotroph. Therefore, it may be presumed that the follicular cells are capable of changing themselves into the ACTH-producing cells in such a case of emergency as exposure to strong stressful stimuli.
As the follicular cells contain no secretory granules as a rule, they appear in light microscopic preparations as unstainable cells and reasonably called chromophobes. In the dog pituitary, however, KAGAYAMA (1965) demonstrated another cell type called chromophobe cell as it contains no granules and quite different from the follicular cells. Till now no cells corresponding to the dog chromophobes could be found in the rat anterior pituitary.
The so-called chromophobes in light microscopy are considerably high in frequency of occurrence and were called chief cells by some histologists, but the follicular cells or non-granulated cells are very few in electron microscopic fields. This discrepancy may be based on the fact that cells with a few granules are judged "unstained" in light microscopic preparations, whereas they are classified into one of the granulated cells as the secretory granules, though sparse, can be detected by electron microscopy. The "chromophobes" in the light microscopy may thus include, besides follicular cells, many types of granulated cells in degranulated or immature stages.
In Figure 19 , morphological characteristics of each cell type of the rat anterior pituitary as seen with the electron microscope are diagrammatically illustrated.
Summary
Recent progress in endocrine physiology showed six different hormones secreted from the anterior pituitary gland, but their cellular sources were not completely elucidated, when the morphological technique was confined to the light microscopy. Application of the electron microscope is very advantageous to the field of functional morphology of the pituitary gland. Within a few years, the identification of cellular sources of the six known hormones of the anterior pituitary has been established in the rat and mouse.
Methods for determination of endocrine function of each cell type distinguished by electron microscopy are discussed in detail. Some of them have been fully utilized by electron microscopists who are engaged in functional morphology of the anterior pituitary gland, but a few remaining ones are still in the trial stage.
The nomenclature of the anterior pituitary cells indicating the morphological characteristics is now replaced by a new terms implying the function, namely indicating the hormone which is secreted by a given cell type.
As the rats have been most frequently observed and best known as to function, the description of this paper is concentrated to the rat anterior pituitary. The electron microscopical features of each of the seven cell types in either normal, pathological or experimental condition are described, and some representative electron micrographs are illustrated.
